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Specif ication 



Testi Table for Measurin g Latera l Forces and DisplaGem^niis 



The invention relates to a test table for measuring lateral 
forces and displacements, in accordance with the preamble of the 
first claim. 

Measurement of the lateral forces and displacements takes place 
with the simultaneous application of normal forces, and is used, 
in particular, in nano-indenters as well as in scratch and wear 
testers . 

In the case of these devices, a normal force is usually applied 
to a sample to be tested, by way of a diamond testing body, and 
the displacement caused by the normal force is measured. In 
addition, the test table is moved laterally under the test body, 
to achieve a relative movement. The force required for this and 
the size of the lateral displacement are measured. 
WO 02/16907 Al describes a device for testing scratch resistance 
(scratch tester) • The test table is mounted to be tangentially 
movable, whereby the mobility is achieved by means of two C- 
shaped bend parts that are provided with notches on the inside 
edges, in each instance. The tangential force exerted on the 
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sample by the scratch tool is detected on the test table by way 
of a measured-value transducer. WO 99/46576 relates to a device 
for measuring the scratch resistance of coatings (scratch 
tester), which possesses an indenter part and a test table. The 
test table consists of a clamping device for the sample, which 
is attached to an I-shaped block, which in turn was affixed to a 
holder device block by way of four horizontally oriented 
membrane springs, making the sample laterally movable. The 
tangential forces are detected by way of a sensor, while the 
indenter tip is drawn over the sample surface. As this happens, 
the springs are not subject to tensile bias. Furthermore, the 
leaf spring longitudinal direction extends horizontally and not 
vertically in the direction of the normal force, resulting in a 
less advantageous system of action. 

It is the task of the invention to conceive a test table with 
which normal force and displacement as well as lateral force and 
displacement can be measured with great accuracy, independent of 
one another, in each instance, whereby the test table itself 
does not cause any displacements, even when great normal forces 
are in effect. 
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This task is accomplished with the characterizing features of 
the first claim; advantageous further developments are evident 
from the dependent claims. 

The test table for measuring lateral forces and displacements, 
with the simultaneous application of normal forces, if necessary, 
particularly in nano-indenters as well as scratch and wear 
testers, is mounted to be movable laterally, whereby the lateral 
force and displacement can be determined by way of a measured- 
value acquisition. According to the invention, the test table 
is attached between at least two leaf springs that extend 
perpendicular in the longitudinal direction of the leaf spring 
and can be deflected laterally in the direction of the lateral 
(horizontal) movement of the test table that is to be produced. 
In this connection, the leaf springs are attached to a frame, 
preferably under bias, at their lower end and at their upper end. 
Between the lower end and the upper end of the leaf springs, the 
test table is suspended on them, e.g. at specific points. In 
this connection, the arrangement of the test table takes place 
preferably in the center of the leaf springs, whereby two leaf 
springs stand opposite one another as a pair of leaf springs. 
In this connection, it is also possible to mount the test table 
between several pairs of leaf springs. 
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The thickness of the leaf springs should be greater than/equal 
to their lateral deflection, in order to maintain linearity. 
It is furthermore advantageous if the test table is connected 
with a damping unit. An oil bath preferably disposed below the 
test table is used for this purpose, and a damping element 
disposed on the test table dips into this bath. This damping 
unit is to be sized in such a manner that vibrations that come 
from the surroundings, in particular, are effectively damped, 
without any noticeable influence on the desired lateral movement 
of the table. 

The sample holder is designed to be movable laterally, in order 
to be able to set the sample surface to the same height even 
when the thickness of the samples varies. 

The measured-value acquisition has a shaft that detects a value 
close to the sample, to determine the lateral force and 
displacement- This shaft is attached vertically in the region 
between the center of the springs and the sample surface, as 
well as vertically precisely in the center of the sample holder, 
and serves to displace the table in the lateral direction as 
well as to measure this displacement. The shaft can also be 
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mounted on spring elements, and the lateral force can be 
determined directly from their deflection. Measurement of the 
displacement of the shaft takes place using suitable measurement 
means (e.g. LVDTs) . 

Dynamic measurements are also possible, by means of a cyclic 
displacement of the table in the lateral direction. 
Tribological contacts can be simulated in this manner, e.g. of 
gear wheels during their movement. The vibrations from the 
surroundings are reduced by means of the damping unit disposed 
below the test table. 

The measured-value acquisition to determine the lateral force 
and displacement can also take place optically. 

The solution according to the invention preferably provides for 
four leaf springs that stand perpendicular opposite one another, 
which are attached to a frame under tensile stress. The test 
table is attached in the center of the leaf springs, at specific 
points. As a result, a very great normal rigidity and torsion 
rigidity of the frame and the test table are achieved. 
The test table is therefore suspended in the center of the leaf 
springs, resulting in the creation of a new and improved type of 
a principle of effect, which is characterized by great torsion 
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rigidity and normal rigidity of both the frame and the test 
table . 

The main advantage of the invention consists in the fact that a 
relatively great normal force can be applied, without causing 
any displacement of the test table in the normal direction and, 
at the same time, a slight lateral displacement of the test 
table is possible. In this connection, the amount of the 
displacement is precisely proportional to the deflection of the 
springs. Furthermore, both normal force and displacement and 
lateral force and displacement can be measured with great 
accuracy, independent of one another. In this connection, the 
accuracy that can be achieved is dependent on the sizing of the 
springs and the resolution of the measured-value transducers. 
Any slight normal bending of the system that remains can be 
detected and corrected by means of software. 

Using the solution according to the invention in a nano-indenter 
makes it possible to precisely detect the start of crack 
formation or plastic deformation in the sample, and thereby to 
achieve quantitative data about mechanical characteristic values 
of the sample material. It is possible to achieve a resolution 
of the lateral displacement below 1 nm, and of the lateral force 
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below 1 pm, using the new type of test table. Furthermore, it 
is possible, for the first time, to measure lateral forces and 
displacements that are exclusively caused by the normal force, 
and not by a lateral displacement of the sample holder or test 
body. 

The invention will be explained in greater detail in the 
following, using an exemplary embodiment . 
The drawing shows: 

Fig. 1: fundamental representation in a top view. 
Fig. 2: fundamental representation in the front view according 
to Fig. 1, 

Fig. 3: three-dimensional fundamental representation of the 
attachment of the springs. 

According to Fig. 1 and 2, the test table 1, with its vertically 
adjustable sample holder 1.1 (can be locked in place by means of 
a counter-nut 1.2), is attached to a total of four leaf springs 
3 that stand perpendicular, by way of attachment elements 2.1 
and longitudinal supports 2 that extend between the attachment 
elements 2.1. The four leaf springs 3 are attached between a 
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frame 4 and a base plate 5, under the effect of an axial bias, 
at their upper and at their lower ends, whereby the frame 4 sits 
on the base plate 5. There is an oil pan 6 in the base plate 5, 
into which a piston 8 attached to a piston rod 7 reaches from 
the underside of the test table 1, making it possible to achieve 
damping of the ambient vibrations. In the region vertically 
between two leaf springs 3 and the sample surface (not shown) , 
and horizontally precisely in the center of the sample holder 
1.1, a horizontal shaft 9 having a tip 9.1 is attached, 
according to Fig. 2, on which two LVDTs are provided and which 
serves to displace the table in the lateral direction and to 
measure the displacement with the LVDTs. In this connection, 
the shaft 9 is mounted on two spring elements 9.2, so as to be 
axially displaceable . The displacement of the table 1 relative 
to the leaf springs 3 is triggered using a piezo-element 10, 
which is connected with the LVDTs by way of a horizontal bar 11, 
which is supported on a spring 12, and by way of a perpendicular 
bar 13. The normal force is applied using an indenter I 
disposed above the test table 1.1. 

A three-dimensional fundamental representation of the attachment 
of the leaf springs 3 on the frame 4 and on the base plate 5 is 
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shown in Fig. 3. The test table 1, with its sample holder 1.1, 
is merely indicated with a dot-dash line. It sits on two 
longitudinal supports 2, whereby each longitudinal support 2 is 
connected with a leaf spring 3 standing vertically, at its two 
ends, by way of attachment elements 2.1 that are merely 
indicated. The two longitudinal supports can additionally be 
reinforced with one another by way of a crosswise support 2.2 
(or by way of a plate, not shown), on which the test table sits. 
The frame 4, which consists of two U-shaped supports 4.1, is 
disposed on the base plate 5. Each support 4.1 sits on the base 
plate 4 with two vertical shanks 4.2 that are parallel to one 
another; a horizontal shank 4.3 extends between the two vertical 
shanks 4.2 of a support 4.1. The upper ends of two leaf springs 
3 are attached to each horizontal shank 4.3 of a support 4.1, by 
means of upper clamping jaws So. 

Two solid body articulations 14 rest on the base plate 5 at 
their center 14.1, and are attached by means of screws 15, for 
example. The distance A between the solid body articulations 14 
corresponds to the distance between two leaf springs 3 attached 
on a horizontal shank 4.3, the length L of each solid body 
articulation 14 corresponds to the distance between opposite 
leaf springs 3. Each leaf spring 3 is clamped in place at its 
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lower end, at the corresponding end 14.2 of each solid body 
articulation 14, by way of lower clamping jaws Su. The two ends 
14.2 of each solid body articulation 14 are spaced apart from 
the base plate 5 by a gap S. Each end 14.2 of a solid body 
articulation 14 can be braced by way of bracing elements, not 
shown, which stand in engagement with the base plate 5 and the 
end 14-2 of the solid body articulation in the direction towards 
the base plate (direction of the arrow) , thereby reducing the 
gap S and axially biasing the leaf springs 3. 

The device for producing the lateral force and the normal force, 
the indenter, as • well as the LVDs and the oil damping, are not 
shown in Fig. 3. 

As an alternative to the variant shown in Fig. 3, it is also 
possible to suspend the test table on only two or three leaf 
springs, or also on three or more leaf springs. 



